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© A solid oxide fuel cell, which comprises an assembly of a plurality of unit cells each comprising a solid 
electrolyte (2), and a fuel electrode (1) and an air electrodeJ3Jjjrovided on both sides of the solid electrolyte, 
respectively, the fuel electrode being composed mainly ^f rutte njujrp) nickel and ceramics can perform power 
generation of high efficiency with hydrocarbon or hydrogen resulting from complete reforming of hydrocarbon, or 
a steam-reformed gas containing carbon monoxide as the main component as a fuel gas. 




Rank Xerox (UK) Business Services 
13.10/3.09/3.3.4) 



EP 0 584 551 A1 



BACKGROUND OF THE INVENTION 
1 ) Field of the Invention 

5 The present invention relates to a solid oxide fuel cell, and more particularly to a solid oxide fuel cell 
capable of performing power generation of high efficiency, using hydrocarbon or a steam reformed gas 
containing hydrogen and carbon monoxide as main components, obtained by complete reforming of 
hydrocarbon as fuel. 

jo 2) Prior Art 

Generally, a solid oxide fuel cell is an assembly consisting of a plurality of unit cell structures each 
comprising a solid electrolyte provided between electrode plates, i.e. a positive pole, which will be 
hereinafter referred to as an air electrode, and a negative pole, which will be hereinafter referred to as a fuel 
/5 electrode, where a hydrogen gas, which will be hereinafter referred to merely as hydrogen, is supplied to 
the fuel electrode of the fuel cell as fuel and air (oxygen) is supplied to the air electrode as an oxidizing 
agent and the hydrogen reacts with the oxygen through the electrolyte, thereby generating an electromotive 
force (electric energy). 

The solid oxide fuel cell has a high power generation with low pollution and highly expected practical 
20 applications in various domestic and industrial fields. Heretofore, researches and developments have been 
made on constituent materials of solid oxide fuel cells directed to hydrogen as fuel, and thus sintered nickel 
zirconia cermet has been widely used, for example, for the fuel electrode. 

For practical application of solid oxide fuel cells, however, it is necessary to conduct power generation 
of high efficiency with fuel obtained by steam reforming of hydrocarbon as a raw material. Thus, it is 
25 necessary to conduct efficient power generation even with carbon monoxide in the reformed gas together 
with hydrogen. Still furthermore, it is preferable to directly conduct steam reforming on the fuel electrode on 
the basis of the cell working temperature, thereby making the reformer as small as possible and carrying 
out power generation of high efficiency even with partially steam-reformed raw material, or to conduct 
steam reforming only by the fuel electrode without using any reformer at all, thereby carrying out power 
30 generation of high efficiency. Thus, it is required that the fuel electrode has a good electrode activity to not 
only hydrogen, but also carbon monoxide and a good steam reforming activity to hydrocarbon. However, 
the conventional sintered porous nickel zirconia cermet has no satisfactory electrode activity to carbon 
monoxide and consequently has a low steam reforming activity to hydrocarbon as problems. 

35 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a solid oxide fuel cell having a high steam reforming 
activity and a high electrode activity to both hydrogen and carbon monoxide, that is a low electrode 
overvoltage with both hydrogen and carbon monoxide as fuels, thereby carrying out power generation of 

40 high efficiency by directly reforming raw material hydrocarbon by the fuel electrode without using any 
reformer at all or with partially reformed raw material as fuel by a reformer of smaller size. 

The present inventors have found, as a result of extensive studies mainly on improvement of steam 
reforming activity of fuel electrode to hydrocarbon and reduction in electrode overvoltage with hydrogen and 
carbon monoxide, that the object of the present invention can be attained with a specific fuel electrode. That 

45 is, according to the present invention, there is provided a solid oxide fuel cell, which comprises an 
assembly of a plurality of unit cells, each comprising a solid electrolyte, and a fuel electrode and an air 
electrode, provided on both sides of the solid electrolyte, respectively, the fuel electrode being composed 
mainly of ruthenium, nickel and ceramics. 

so BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a schematic view of an evaluation apparatus used in Examples and Comparative Examples. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

The structure of the present invention will be described in detail below: 

In the present solid oxide fuel cell, it is essential that the fuel cell s composed mainly of ruthenium, 
nickel and ceramics. 
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It is known that ruthenium has a higher steam reforming activity than nickel. Single use of ruthenium as 
a fuel electrode requires a large amount of expensive ruthenium in order to present the electrode from a 
decrease in the electron conductivity, and this makes the electrode economically disadvantageous. On the 
other hand, nickel has a high electron transfer function and also has a high electrode activity to hydrogen 

5 fuel. Thus, the amount of ruthenium to be used can be decreased by making the ruthenium take the steam 
reforming function to hydrocarbon and the nickel take the electron transfer function. Furthermore, the 
combination of nickel with ruthenium can improve the electrode activity to carbon monoxide without 
lowering the electrode activity of nickel to hydrogen. Still furthermore, a combination thereof with ceramics 
composes mainly of cerium oxide can improve the steam reforming activity of ruthenium and the electrode 

w activity of nickel. 

The fuel electrode of the present invention comprises not more than 30% by weight of ruthenium, 20 to 
60% by weight of nickel and 10 to 70% of ceramics, more preferably 5 to 10% by weight of ruthenium. 30 
to 50% by weight of nickel and 40 to 65% by weight of ceramics. In this ranges, the present fuel electrode 
has a high steam reforming activity and a high electrode activity to both hydrogen and carbon monoxide as 

15 fuels. Above 30% by weight of ruthenium there appear such disadvantages as a decrease in the electrode 
activity and an increase in electric resistance due to the consequent reduction in the nickel content. Below 
20% by weight of nickel, there appear a decrease in the electrode activity and an increase in the electric 
resistance. Above 60% by weight of nickel, on the other hand, there appears a disadvantage as a decrease 
in the electrode activity due to the sintering of nickel at a cell working temperature of 1,000*C. Below 10% 

20 by weight of ceramics there appears a decrease in the steam reforming activity and electrode activity due 
to sintering of ruthernium and nickel at a cell working temperature of 1,000*C. Above 70% by weight of 
ceramics, on the other hand, there appear a decrease in the steam reforming activity and electrode activity 
and an increase in the electric resistance due to reduction in the ruthenium and nickel contents. 

Ceramics are composed mainly of cerium oxide and can contain 1 to 20% by weight, preferable 5 to 

25 15% by weight, of at least one of MgO, CaO, SrO, Y 2 0 3 , La 2 0 3 , Nd 2 0 3 , Sm 2 0 3l Eu 2 0 3 , Ho 2 0 3 , Er 2 0 3 and 
Yb 2 0 3 . By addition of these compounds the steam reforming activity of ruthenium and the electrode activity 
of nickel can be further improved. 

Solid electrolyte of the present solid oxide fuel cell is not particularly limited, and includes, for example, 
yttria-stabilized zirconia (YSZ) and calcia-stabilized zirconia (CSZ). 

30 Air electrode of the present solid oxide fuel cell is not particularly limited, and includes, for example, 
complex oxide of perovskite type lanthanum system such as Lat- x Sr x Mn0 3 and LaCoOa. 

Unit cells for the present solid oxide fuel cell each comprise a solid electrolyte, and a fuel electrode and 
an air electrode provided on both sides of the solid electrolyte, have such a shape as a flat plate shape or a 
cylindrical shape. 

35 Process for making the present solid oxide fuel cell is not particularly limited. For example, in case of a 
unit cell in a flat plate shape, a green sheet of YSZ is prepared by a doctor blade, followed by defatting and 
firing, whereby a sintered, flat plate-shaped solid electrolyte having a film thickness of 100 to 300 urn is 
prepared. Then, a green sheet of Lai- x Sr x Mn0 3 prepared by a doctor blade is pasted onto one side of the 
thus prepared sintered electrolyte as a support, followed by firing, or a Lai_ x Sr x Mn0 3 slurry is applied to 

40 the one side of the sintered electrolyte, followed by firing, or Lai- x Sr x Mn0 3 power is melt-injected onto the 
one side of the sintered electrolyte, thereby forming an air electrode. A green sheet, a slurry or powder of 
nickel-ceramics is provided on the opposite side to the air electrode-formed side of the sintered electrolyte 
in the same manner as in the case of forming the air electrode, thereby forming a layer of nickel-ceramics, 
and then ruthenium is supported on the layer of nickel-ceramics by impregnation or plating, thereby forming 

45 a fuel electrode. That is, a flat plate type, unit cell can be made thereby. 

Nickel-ceramics as a raw material for the green sheet, slurry or powder of nickel-ceramics can be 
prepared by mixing and firing or by coprecipitation and firing of oxides, carbonates or nitrates. 

According to another process for making a unit cell, a flat porous plate of Lai- x Sr x Mn0 3 to serve as an 
electrolyte is prepared, and an electrolyte YSZ is formed on one side of the flat porous plate as a support 

so by melt injection or chemical vapor deposition or electrochemical vapor deposition of YSZ. Then, a layer of 
nickel-ceramics is formed on the surface of electrolyte YSZ by melt injection or by slurry application and 
firing, and then ruthenium is supported on the layer of nickel-ceramics by impregnation or plating, thereby 
forming a fuel electrode. That is, a unit cell is made thereby. That is, a flat plate type, unit cell can be also 
made thereby. 

55 According to other method, a flat porous plate of nickel-ceramics is prepared, and electrolyte YSZ is 
formed on one side of the flat porous plate by melt injection or chemical vapor deposition or electrochemi- 
cal vapor deposition of YSZ. Then, a green sheet of La^^MnOs prepared by a doctor blade is pasted on 
the surface of electrolyte YSZ, followed by firing, or a slurry of La,. x Sr x Mn0 3 Is applied to the surface of 
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electrolyte YSZ, followed by firing or powder of La^xSrJVlnOs is melt injected onto the surface of 
electrolyte YSZ, thereby forming an air electrode. Then, ruthenium is supported on the flat porous plate of 
nickel-ceramics by impregnation or plating, thereby forming a fuel electrode. That is, a unit cell can be 
made thereby. 

s In case of a cylindrical unit cell, a layer of La,- x Sr x Mn0 3 as air electrode is formed on the outer surface 
of a porous zirconia cylinder as a support by melt injection or slurry application, followed by firing. Then, a 
layer of electrolyte YSZ is formed on the outer surface of the air electrode by melt injection or by chemical 
vapor deposition or electrochemical vapor deposition. Then, a layer of nickel-ceramics is formed on the 
outer surface of the electrolyte YSZ layer by melt injection or slurry application, followed by firing, and then 

w ruthenium is supported on the layer of nickel-ceramics by impregnation or plating, thereby forming a fuel 
electrode. That is. a unit cell can be made thereby. Or, a porous cylinder of La,- x Sr x Mn0 3 to serve as an 
air electrode is used as a support in place of the porous zirconia cylinder, and an electrolyte layer and a 
fuel electrode are formed likewise thereon successive, thereby making a unit cell. 

In the present invention, hydrocarbon is not particularly limited, and includes, for example, natural gas. 

75 LPG, naphtha, kerosene, etc. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be described in detail below, referring to Example and Comparative Example, 
20 and drawing. 



25 



Example 

(1) A slurry of the following composition containing yttria-stabilized zirconia powder TZ-8 (trademark of a 
product made by Toso K.K., Japan) as a raw material was mixed in a ball mill, and a green sheet having 
a thickness of 600 urn was prepared therefrom by a doctor blade: 



30 
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40 



45 



TZ-8Y 


100% 


polyvinylbutyral 


10% 


Di-n-butyl phthalate 


8 ml 


Fish oil 


2 ml 


Polyethyleneglycol mono-p-octylphenylether 


2 ml 


Isopropyl alcohol 


40 ml 


Toluene 


40 ml 



The thus prepared green sheet was cut into a disk, 20 mm in diameter, which was defatted at 350 • C 
and fired at 1,500*C for 5 hours, thereby obtaining a sintered electrolyte disk, 16 mm in diameter and 
200 urn in thickness. 

(2) Lanthanum carbonate, strontium carbonate and manganese carbonate were weighed out in a 
predetermined composition ratio, wet mixed in ethanol in a ball mill, then evaporated off ethanol and 
calcined at 1,000 # C for 10 hours. Then, the calcined product was again wet mixed in ethanol in a ball 
mill, evaporated off ethanol and calcined at 1,000*C for 10 hours, thereby obtaining powder of 
Lao. 7 Sr 0 . 3 Mn03. 

A slurry of the following composition containing the thus obtained powder as a raw material was 
mixed in a ball mill and a green sheet having a thickness of 200 urn was prepared therefrom by a doctor 
blade: 



50 



55 



Lao.7Sr 0 . 3 Mn03 


100 g 


Polyvinylbutyral 


I0g 


Di-n-butyl phthalate 


8 ml 


Fish oil 


2 ml 


Polyethyleneglycol mono-p-octylphenylether 


2 ml 


Isopropyl alcohol 


40 ml 


Toluene 


40 ml 
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(3) Basic nickel carbonate, samarium oxide and cerium oxide were weighed out in a predetermined 
composition ratio, wet mixed in ethanol in a ball mill, evaporated off ethanol and calcined at 1,400 *C for 
5 hours. Then, the calcined product was again wet mixed in ethanol in a ball mill, evaporated off ethanol 
and calcined at 1.400*C for 5 hours, thereby obtaining powder of NiO:(Sm 2 03)o.ii(Ce0 2 )o.89 = 50.6:49.4 
5 by weight. 

A slurry of the following composition containing the thus obtained powder as a raw material was 
mixed in a ball mill, and a green sheet having a film thickness of 200 urn was prepared therefrom by a 
doctor blade: 



NiO»(Sm 2 03) 0 .ii(Ce02)o.89 


100 g 


Polyvinylbutylral 


10g 


Di-n-butyl phthalate 


8 ml 


Fish oil 


2 ml 


Polyethyleneglycol mono-p-octylphenylether 


2 ml 


Isopropyl alcohol 


40 ml 


Toluene 


40 ml 



(4) The green sheet of NiO»(Sm 2 O3) 0 .ii(CeO 2 ) 0 .89 prepared in (3) was cut into a disk, 8 mm in diameter, 
20 pasted onto one side of the sintered electrolyte disk prepared in (1), defatted at 350 *C and fired at 

1,450'C for 5 hours, thereby baking the green sheet disk of (3) onto the sintered electrolyte disk. Then, 
the green sheet of La 0 .7Sr 0 .3MnO 3 prepared in (2) was cut into a disk, 8 mm in diameter, pasted onto the 
opposite side to the NiO«(Sm 2 O3) 0 .ii(CeO 2 ) 0 . 8 9 ■ baked side of the sintered electrolyte disk, defatted at 
350* C and fired at 1,200*C for 5 hours, thereby baking the green sheet disk of (2) onto the sintered 
25 electrolyte disk to form an air electrode. 

(5) The NiO*(Sm 2 0 3 )o.ii(Ce0 2 )o.89 baked on the sintered electrolyte disk was impregnated with a 
solution of ruthenium chloride in ethanol and dried with air, thereby obtaining a unit cell A with a fuel 
electrode of Ru:Ni:(Sm 2 03) 0 .ii(CeC>2)o.89 = 5:42.4:52.6 by weight. Up to this process step, the ruthenium 
and nickel in the fuel electrode were in the forms of chloride and oxide, respectively, and can be 

30 reduced to metals, respectively, by a fuel gas, when evaluated as a cell, thereby forming a cermet 
(mixture of ceramics and metal) of the above-mentioned composition. 

(6) The thus obtained unit cell A was set in an evaluation apparatus shown in Figure 1, and the 
evaluation apparatus was with an argon gas, the apparatus was heated at a rate of 10 • C/min. and kept at 
1 ,000 • C. After it was confirmed that the fuel electrode-provided side of the sintered electrolyte disk 2 

35 was sealed with pyrex glass, an air gas 9 was led to the air electrode 3 at a rate of 100 ml/min., and a 
mixed gas of hydrogen/H 2 0 (70:30% by volume) as a fuel gas 10 was led to the fuel electrode 1 at a 
rate of 100 ml/min., and an overvoltage of the fuel electrode 1 was measured by a DC three-probe 
procedure and an AC impedance procedure, using the electrodes 1 and 3 and a Pt reference electrode 
4. The results are shown in the following Table 1. 

40 

Table 1 





Fuel electrode composition 


Fuel electrode overvoltage mV (current density 1 .0 A/cm 2 ) 


Hydrogen 


Carbon monoxide 


Example 1 


Ru • Ni • (Sm 2 0 3 ) 0 .i i (Ce0 2 ) 0 . 8 9 


47 


147 


Comp. Ex. 1 


Ni«(Sm 2 03)o.ii(Ce0 2 ) 089 


50 


312 


Comp. Ex. 2 


Ni.(Y 2 0 3 )o.o8(Zr0 2 ) 0 .fl 2 


195 


483 



50 

(7) An overvoltage of fuel electrode 1 was measured in the same manner as in (6), except that a mixed 
gas of carbon monoxide/carbon dioxide (70:30% by volume) was used as a fuel gas to the fuel electrode 
1. The results are shown in the foregoing Table 1. 

(8) The unit cell A was set in an evaluation apparatus shown in Figure 1, and the evaluation apparatus 
55 was maintained in an electric furnace, and, after the furnace was thoroughly flushed with an argon gas. 

the apparatus was heated at a rate of 10* C/min. and kept at 1,000 *C. After it was confirmed that the 
fuel electrode-provided side of the sintered electrolyte disk 2 was sealed with pyrex glass seal ring 7. an 
air gas 9 was led to the air electrode 3 at a rate of 100 ml/min., and a mixed gas of methane/H 2 0 
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(2575% by volume) as a fuel gas 10 was led to the fuel electrode 1 at a rate of 100 ml/min., and an 
output of the unit cell A was measured by a DC three-probe procedure, using the electrodes 1 and 3. 
The results are shown in the following Table 2. 



Table 2 





Fuel electrode composition 


Maximum output W/cm 2 


Methane 


Butane 


Example 1 


Ru • Ni • (Sm 2 0 3 )o.i 1 (Ce0 2 )o.89 


0.43 


0.40 


Comp. Ex. 1 


Ni-(Sm 2 0 3 )o.ii(Ce02)o.89 


0.36 


0.32 


Comp. Ex. 2 


Ni.(Y 2 0 3 )o.o8(Zr02)o.92 


0.23 





(9) Output of the unit cell A was measured in the same manner as in (8), except that a mixed gas of 
butane/H 2 0 (7.7:92.3% by volume) was used as a fuel gas to the fuel electrode. The results are shown in 
the foregoing Table 2. 

The evaluation apparatus used in the foregoing evaluation had such a structure as given below and 
shown in Figure 1 . 

The unit cell comprising the sintered electrolyte disk 2 and the fuel electrode 2, the air electrode 3 and 
a reference Pt electrode 4, baked onto the sintered electrolyte disk 2 was supported with double alumina 
tube 11 from the upside and the downside. Current collector Pt meshes 5 were pressed onto the fuel 
electrode 1 and the air electrode 3 by the inner tube of the double tube 11, respectively. A pyrex glass seal 
ring 7 was inserted between the outer tube of the double tube 11 and the lower peripheral side of the 
sintered electrolyte disk 2 and fixed to the lower peripheral side of the disk 2 by the seal ring 7. Pt wires 6 
were fixed to the current collector meshes 5 and the reference P electrode 4 for evaluating the electrode 
characteristics. The thus prepared assembly was inserted into an alumina tube 11, and set into an electric 
furnace. Then, air 9 was introduced through the inner tube of the upper alumina double tube 11 above the 
sintered electrolyte disk 2, and a fuel gas 10 was led through the inner tube of the lower double tube 11 
below the sintered electrolyte disk 2, while controlling temperature by a thermocouple 8, thereby conducting 
evaluation under the above-mentioned conditions. 



Comparative Example 1 

(1) The same sintered electrolyte disk, green sheet of Lao. 7 Sro. 3 Mn0 3 and green sheet of NiO-(Sm 2 0 3 )- 
oii(Ce0 2 )o89 as in Example were prepared according to the procedures (1), (2) and (3) of Example, and 
the thus prepared green sheets were baked onto the sintered electrolyte disk according to the same 
procedure as that (4) of Example, thereby making a unit cell B comprising an air electrode of 
Lao 7 Sr 03 Mn0 3 and a fuel electrode of Ni:(Sm 2 O 3 ) 0 .ii<CeO 2 ) 0 .a9 <= 44.6:55.4 by weight). Up to this 
process step, the nickel of the fuel electrode was in the form of oxide, but was reduced to metallic nickel 
by a fuel gas, when evaluated as a cell, thereby forming a cermet of the above-mentioned composition. 

(2) The unit cell B was set in the same evaluation apparatus as used in Example and the evaluation 
apparatus was maintained in an electric furnace, and, after the furnace was thoroughly flushed with an 
argon gas, the apparatus was heated at a rate- of 10'C/min. and kept at 1.000'C. After it was confirmed 
that the fuel electrode-provided side of the sintered electrolyte disk was sealed with pyrex glass seal ring 
7, an air gas was led to the air electrode at a rate of 100 ml/min. and a mixed gas of hydrogen/H 2 0 
(70:30% by volume) as a fuel gas was led to the fuel electrode at a flow rate of 100 ml/min.. and an 
overvoltage of the fuel electrode was measured by a DC three-probe procedure and an AC impedance 
procedure. The results are shown in the foregoing Table 1. 

(3) An overvoltage of the fuel electrode was measured in the same manner as in (2) ol Comparative 
Example 1. except that a mixed gas of carbon monoxide/carbon dioxide (70:30% by volume) was used 
as a fuel gas to the fuel electrode. The results are shown in the foregoing Table 1 . 

(4) The unit cell B was set in the same evaluation apparatus as used in Example, and the evaluation 
apparatus was maintained in an electric furnace, and. after the furnace was thoroughly flushed with an 
argon gas, the apparatus was heated at a rate of 10'C/min. and kept at 1.000'C. After it was conf.rmed 
that the fuel electrode-provide side of the sintered electrolyte disk was sealed with pyrex glass seal ring 
7 an air gas was led to the air electrode at a rate of 100 ml/min. and a mixed gas of methane/H 2 0 
(25-75% by volume) as a fuel gas was led to the fuel electrode at a rat of 100 ml/min.. and an output of 
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the unit cell B was measured by a DC three-probe procedure. The results are shown in the foregoing 
Table 2. 

(5) Output of the unit cell B was measured in the same manner as in (4) of Comparative Example 1, 
except that a mixed gas of butane/H 2 0 (7.7:92.3% by volume) was used as a fuel gas to the fuel 
5 electrode. The results are shown in the foregoing Table 2. 

Comparative Example 2 

(1) The same sintered electrolyte disk and green sheet of Lao.7Sr 0 . 3 Mn03 were prepared according to the 
10 procedures (1) and (2) of Example. Then, basic nickel carbonate and yttria-stabilized zirconia powder TZ- 
8 (trademark of a product made by TOSO K.K., Japan) were weighed out in a predetermined 
composition ratio and wet mixed in ethanol in a ball mill, then evaporated off ethanol and calcined at 
1,400'C for 5 hours. Then, the calcined product was again wet mixed in ethanol in a ball mill, 
evaporated off ethanol and calcined at 1,400* C for 5 hours, thereby obtaining powder of NiO:(Y 2 O 3 ) 0 .08- 
js (2r02)o,92 (= 56:44% by weight). 

A slurry of the following composition containing the thus obtained powder as a raw material was 
mixed in a ball mill and a green sheet of NiO-(Y 2 O3) 0 .08(ZrO2) 0 . 82 having a film thickness of 200 m was 
prepared by a doctor blade: 



NiO.(Y 2 0 3 )o.o8(Zr02)o.92 


100 g 


Polyvinyl butyral 


10 g 


Di-n-butyl phthalate 


8 ml 


Fish oil 


2 ml 


Polyethyleneglycol mono-p-octylphenol ether 


2 ml 


Isopropyl alcohol 


40 ml 


Toluene 


40 ml 



(2) These green sheets were baked onto the sintered electrolyte disk according to the procedure (4) of 
30 Example to make a unit cell C comprising an air electrode of La 0 .7Sr 0 .3MnO 3 and a fuel electrode of Ni:- 

(Y 2 0 3 )o.o8{Zr0 2 )o. 9 2 (= 50:50 by weight). Up to this process step, the nickel of the fuel electrode was in 
the form of oxide, but was reduced to metallic nickel by a fuel gas when evaluated as a cell, thereby 
forming a cermet of the above-mentioned composition. 

(3) The unit cell C was set in the same evaluation apparatus as used in Example 1 , and the evaluation 
35 apparatus was maintained in an electric furnace, and, after the furnace was thoroughly flushed with an 

argon gas, the apparatus was heated at a rate of 10'C/min. and kept at 1,000 -C. After it was confirmed 
that the fuel electrode-provided side of the sintered electrolyte disk was sealed with pyrex glass sea! ring 
7, an air gas was led to the air electrode at a rate of 100 ml/min., and a mixed gas of hydrogen/H 2 0 
(70:30% by volume) as a fuel gas was led to the fuel electrode at a flow rate of 100 ml/min., and an 
40 overvoltage of the fuel electrode was measured by a DC three-probe procedure and an AC impedance 
procedure. The results are shown in the foregoing Table 1 . 

(4) An overvoltage of the fuel electrode was measured in the same manner as in (3) of Comparative 
Example 2, except that a mixed gas of carbon monoxide/carbon dioxide (70:30% by volume) was used 
as a fuel gas to the fuel electrode. The results are shown in the foregoing Table 1. 

45 (5) The unit cell C was set in the same evaluation apparatus as used in Example, and the evaluation 
apparatus was maintained in an electric furnace, and. after the furnace was thoroughly flushed with an 
argon gas, the apparatus was heated at a rate of 10*C/min. and kept at 1,000 *C. After it was confirmed 
that the fuel electrode-provided side of the sintered electrolyte disk was sealed with pyrex glass seal ring 
7, an air gas was led to the air electrode at a rate of 100 ml/min., and a mixed gas of methane/H 2 0 

so (25:75% by volume) as a fuel gas was led to the fuel electrode at a rate of 100 ml/min., and an output of 
the unit cell C was measured by a DC three-probe procedure. The results are shown in the foregoing 
Table 2. 

As shown in the foregoing Tables 1 and 2, a solid oxide fuel ceil using the present fuel electrodes 
having a low overvoltage with both hydrogen and carbon monoxide and a high steam reforming activity can 
55 directly steam-reform hydrocarbon on the fuel electrodes and can produce a high output. 

The present solid oxide fuel cell can perform power generation of high efficiency with hydrocarbon as a 
fuel gas by using the present fuel electrodes without any reformer or by partially reforming the hydrocarbon 
as a raw material through a reformer of much smaller size, or can perform power generation of higher 
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efficiency with hydrogen resulting from complete reforming of hydrocarbon or a steam-reformed gas 
containing carbon monoxide as the main component as a fuel gas than the conventional solid oxide fuel 
cell. 

5 Claims 

1. A solid oxide fuel cell, which comprises an assembly of a plurality of unit cells each comprising a solid 
electrolyte, and a fuel electrode and an air electrode provided on both sides of the solid electrolyte, 
respectively, the fuel electrode being composed mainly of ruthenium, nickel and ceramics. 

W 2 A solid oxide fuel cell according to claim 1, wherein the fuel electrode comprises not more than 30% 
by weight of the ruthenium, 20 to 50% by weight of the nickel and 10 to 70% by weight of the 
ceramics. 

J5 3. A solid oxide fuel cell according to claim 1 , wherein the ceramics is composed mainly of cerium oxide. 
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